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FOREWORD

This report describes results of work performed by the Northrop
Corporation, Aircraft Group, Hawthorne, California, under Air Force Contract
F33615-76-C-3121, "Effect of Multiaxial Loading on Crack Growth," Project
486U, '"Advanced Metallic Structures - Advanced Development Program," Task
486002, work unit 486U0224. The effort was sponsored by the Air Force
Flight Dynamics Laboratory, Air Force Wright Aeronautical Laboratories, Air
Force Systems Command, Wright-Patterson Air Force Base, Ohio. Captains
John E. Allison and Donald R. Holloway of the AFFDL/FBE were the Air Force

Project Engineers.

The program was performed by the Structures Research Department of
Northorp Corporation, Aircraft Group, under the overall supervision of
L. L. Jeans, Manager, Structural Life Assurance Research. Mr. A. F. Liu
was the Northrop Program Manager and Principal Investigator. He was
assisted by D. F. Dittmer on experimental tasks; J. R. Yamane,
Dr. J. P. Buban, and Dr. H. P. Kan on analytical tasks. Dr. M. M. Ratwani

provided guidance on cracked finite element analysis.

This report covers work accomplished during the period September 1976

through September 1978. This report consists of three volumes.

Volume I Technical Summary
Volume II Compilation of Experimental Data
Volume ITI Compilation of Interferometry Photographs
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SECTION I

COMPILATION OF INTERFEROMETRY PHOTOGRAPHS

This volume of the report compiles all 170 interferometry photographs
taken from 30 cruciform specimens. These photographs were taken from three

groups of specimens as listed:

1. Constant Amplitude (Figures 1 through 90)
2, Single Overload (Figures 91 through 130)
3. Constant Amplitude, Out-of-Phase (Figures 131 through 170)

The photographs were taken at zero load (after unloaded from the stress
levels indicated in the figure) or at peak load conditions. The loading con-
ditions and crack size while the picture was taken are identified and noted

on each photograph.




7075-T7351, a = 0.25 inch

o, = 0, o0 = 12 ksi unloaded
Magnificazion: 45.2X

Test Case 8

Specimen 7-1-1

Interferometry Photograph of an Unloaded Crack in a 7075-T7351

Figure 1.

Specimen




7075-T7351, a = 0.505 inch
g =0, g = 12 ksi unloaded
Mﬁgnificagion: 49,5X

Test Case 8

Specimen 7-1-2

’1 t ‘ ‘ 9 " ’ : ;
I 3 [ ; ; b B t e

Figure 2. Interferometry Photograph of an Unloaded Crack in a

7075~-T7351 Specimen




7075-T7351, a = 0.75 inch
o, = 0, o = 12 ksi unloaded
Magnificagion: 46.1%

Test Case 8 .
Specimen 7-1-3 g

Figﬁre 3. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen



7075-T7351, a = 1.00 inch

0. =0, 0= 12 ksi unloaded
Mggnificagion: 47.9%

Test Case 8

Specimen 7-1-4

o

Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

Figure 4.




7075-T7351, a = 0.510 inch
Ux =0, o = 12 ksi unloaded
Magnification: 45,8X

Test Case 11
Specimen - 7-5]-1

"1

b
]
j

{
X

Figure 5. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen




7075-T7351, a = 0.510 inch
o =0, o= 12 ksi at load
Mggnifica¥ion: 46.7X

Test Case 11

Specimen ~ 7-51-2.1

Figure 6. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen




7075-T7351, a = 0.510 inch
o, = 0, 0. = 12 ksi at load
Magnificagion: 45.2X

Test Case 11

Spzcimen - 7-51-2,2

g

Interferometry Photograph
7075-T7351 Specimen

of a Loaded Crack in a

Figure 7.



7075-17351, a = 0.760 inch
0. =0, o, = 12 ksi unloaded §
Mignificalion: 46.2%

Test Case 11
Specimen - 7-51-3

3

Interferometry Photograph of an Unloaded Crack in a
7075~T7351 Specimen

Figure 8.




7075-T7351, a = 0.760 inch
o, = 0, 0. = 12 ksl at load
Magnification: 45.1X

Test Case 11

Specimen - 7-51-4

L et ; s, y
) gﬁﬁﬁﬁaamwmw“@w’

Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

Figure 9,

10




7075-T7351, a = 1.005 inch
0& =0, ¢ = 12 ksi unloaded
Magnificagion: 46.7X

Test Case 11

Specimen - 7-51-5.1

Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

11

Figure 10,




7075-T7351, a = 1.005 inch

Ok = 0, 0. = 12 ksi unloaded
Magnificafion: 44.5%
Test Case 11

Specimen 7-51-5.2

Figure 11, Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
12




7075~T7351, a = 1.005 inch
g = 0, o, = 12 ksi at load
Mégnificagion: 46.0X

Test Case 11
Specimen 7-51-6

Figure 12. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

13




7075-T7351, a = 0.25 inch
0 =12, ¢ = 12 ksi unloaded

Mggnificat{on: 48.2X
Test Case 23
Specimen 7-17-1

13.

Interferometry Photograph of an Unloaded Crack in
a 7075-T7351 Specimen

14




7075~-T7351, a = 0.25 inch

o =12, o = 12 ksi at load
Mggnificatxon: 49.2X

Test Case 23

Specimen 7-17-2

Figure 14. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

15




7075-T7351, a = 0.5 inch
0 =12, g = 12 ksi unloaded

Mggnificat¥on: 51.1X
Test Case 23
Specimen 7-17-3

Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
16

Figure 15,




7075-T7351, a = 0.5 inch

g, = 12, g = 12 ksi at load
Magnificat!on: 46,9X

Test Case 23
Specimen 7-17-4

- iv., ! | Y X .,
. ;e 1&? . LR ) .
Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

Figure 16.

17




7075~-T7351, a = 0.995 inch
c 12, o = 12 ksi unloaded

Mggnificatyon: 47.5X
Test Case 23
Specimen 7-17-5

Photograph of an Unloaded Crack in a

Figure 17, Interferometry
7075-T7351 Specimen
18



7075~T7351, a = 0.995 inch

o =12, ¢ = 12 ksi at load
Mﬁgnificatxon: 44,8

Test Case 23
Specimen 7-17-6

Figure 18, xInterferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

19




7075-T7351, a = 0.26 inch

6 = -1.2, ¢ 12 ksi unloaded
Mggnificatioz: 48.0X

Test Case 25

Specimen 7-23-1

Figure 19, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

20




7075-T7351, a = 0.26 inch

g =-1,2, g = 12 ksi at load
Mignificatiof: 47.1X

Test Case 25

Specimen 7-23-2

0 ;Mﬂ L 2 o LA ;- M O R
ure 20. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

L

A
Fig

21




7075-T7351, a = 0.505 inch

o = -1.2, ¢ 12 ksi unloaded
Magnificatiogz 47.8X

Test Case 25
Specimen 7-23-3

Figure 21. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

22



0.505 inch

7075-T7351, a =
01{ = —1.2, [¢]
MagnificatioX:
Test Case 25

Specimen 7-23-4

39.5X

Figure 22,

12 ksi at load

Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
23




7075-T7351, a = 1.015 inch
6= -1.2, 0 = 12 ksi unloaded

Mggnificatiox: 47.6X
Test Case 25
Specimen 7-23-5

Interferometry Photograph of an Unloaded Crack in a

Figure 23,
7075-T7351 Specimen

24




7075-T7351, a = 1.015 inch

oy = -1.2, g =
Magnificatiox:
Test Case 25
Specimen 7-23-6

12 ksi at load

38.0X

Figur

e 24.

Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

25




7075-T7351, a = 0.25 inch

oy = 6, o = 12 ksi unloaded
Magnificagion: 49.4X

Test Case 27

Specimen 7-94-1

Figure 25. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

26




7075-T7351, a = 0.25 inch
6 =6, g =12 ksi at load
Mggnificagion: 46.2X

Test Case 27
Specimen 7-94-2

f S : b
Figure 26. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.495 inch

o =6, 0 = 12 ksi unloaded
Mggnifica¥ion: 45.0%X

Test Case 27
Specimen 7-94-3

Figure 27, 1Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

28



7075-T7351, a = 0.495 inch
o, = 6,
Magnifica¥ion:
Test Case 27
Specimen 7-94-4

g = 12 ksi at load
45.4X

Figure 28.

Int

| Coel . £

erferometry Photograph of
7075-T7351 Specimen

29

a Loaded Crack in a




7075-T7351, a = 1.00 inch

o. =6, 0 = 12 ksi unloaded
Mggnificagion: 45.0X

Test Case 27
Specimen 7-94-5

Figure 29, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 1.00 inch

0. =6, 0. = 12 ksi at load
Mggnificagion: 45,0

Test Case 27

Specimen 7-94-6.1

Figure 30. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

31




7075-T7351, a = 1.00 inch
o, = 6, o = 12 ksi at load
Magnification: 45,0X

Test Case 27

Specimen 7-94-

Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

32

Figure 31.



7075-T7351, a = 0.215 inch

0, = 18, o = 18 ksi unloaded
Magnificathn: 45.5%

Test Case 55
Specimen 7-11-1

Figure 32. Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
33




7075-T7351, a = 0.215 inch
o = 18, g = 18 ksi at load

Mggnificathn: 41.3%
Test Case 55
Specimen 7-11-2

Figure 33, Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
34




7075-T7351, a = 0.43 inch

0 =18, ¢ = 18 ksi unloaded
Mggnificat¥on: 47.9X

Test Case 55

Specimen 7-11-3

Figure 34.

Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

35




7075-T7351, a = 0.43 inch

o, = 18, o, = 18 ksl at loac
Magnificathn: 43.8X

Test Case 55

Specimen 7-11-4

. 7 3 = L v
b . sk

Figure 35. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.655 inch
Ux = 18, ¢ = 18 ksi unloaded
Magnificathn: 44.5%X
Test Case 55
Specimen 7-11-5
W

Figure 36.

Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

37




7075-T7351, a = 0.105 inch

o, = -1.8, 6. = 18 ksi unloaded
MagnificatioX: 48.6X

Test Case 56

Specimen 7-34-1

Figure 37, Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
38




7075-T7351, a = 0,105 inch

o = -1.8, g_ = 18 ksi at load
Magnificatiofi: 47.5X

Test Case 56

Specimen 7-34-2

g 'ﬁ*.& X : .
Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

Figure 38.

39




7075-T7351, a = 0.215 inch

q = -1.8, ¢ 18 ksi unloaded
Magnificatiofd: 48.3X

Test Case 56

Specimen 7-34-3.1

X
a&}ﬁa.

Interferometry Photograph of an Unloaded Crack in a

Figure 39.
7075-T7351 Specimen

40




7075-T7351, a = 0.215 inch

o, = -1.8, g = 18 kst unloaded
Magnificatiof: 48.3%

Test Case 56
Specimen 7-34-3,2

S
o

Figure 40, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
41




7075-T7351, a = 0.215 inch

o, = -1.8, ¢ 18 ksi at load
MagnificatioX: 47.6X

Test Case 56
Specimen

N

’ yﬁgi;
;';&n rJ\ R '\%
14

s L

Figure 41. Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen
42




7075-T7351, a = 0.43 inch

o = -1.8, g = 18 ksi unloaded
PégnificatioX: 47.9X

Test Case 56
Specimen 7-34-5
ST

. ¥

Figure 42, Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
43




7075-T7351, a = 0.43 1inch

Gy = -1.8, 0 = 18 ksi at load
MagnificatioX: 37.4X

Test Case 56
Specimen 7-34-6

“

Interferometry Photograph of a Loaded Crack in a
7075-T7351 Specimen

' i k.

Figure 43,

44




7075-T7351, a = 0.14 inch
o= 15, g_ = 30 ksi unloaded
Mﬁgnificat{on: 45.9%

Test Case 63
Specimen 7-16-1

: e . R : z ™ PR
Figure 44, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-T7351, a = 0.14 inch

o, =15, ¢_ = 30 ksi at load
Mggnificat¥on: 58.3x

Test Case 63
Specimen 7-16-2

Figure 45, Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
46




7075-T7351, a = 0.305 inch
oy = 15, 5. = 30 ksi unloaded
Magnificat!on: 39.2X

Test Case 63

Specimen 7-16-3,1

Figure 46, Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
47




0.305 inch

7075-T7351, a =
= 30 ksi unloaded

g =15, ¢

Mggnificathn: 34.,7X
Test Case 63
Specimen 7-16-3.2

Figure 47, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
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7075-~17351, a = 0.305 inch

o =15, g, = 30 ksi at load
Mggnificathn: 35.4X%

Test Case 63
Specimen 7-16-4

Figure 48. Interferometry Photograph of a Loaded Crack in a
7075~T7351 Specimen

49




2024-T351, a = 0.4955 inch

g =0, 0 = 10 ksi unloaded
M%gnifica%ion: 80.9X

Test Case 12
Specimen 2-33-1.

: t fioradt Ly
gure 49, Interferometry Photograph of an Unloaded Crack in a

F

He

7075-T7351 Specimen
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2024-T351, a = 0.495 inch

o, =0, 5. = 10 ksi unloaded
M§gnifica¥ion: 65.2X

Test Case 12

Specimen 2-33-1.2

Figure 50, Interferometry Photograph of an Unloaded Crack in a
2024=T351 Specimen

51




2024-T351, a = 0.74 inch
Oy = 0,0 = 10 ksi unloaded
Magnifithion: 28.8X

Test Case 12

Specimen 2-33-2

Figure 51, Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen

52




2024-7351, a = 0.98 inch
Oy 0,0, = 10 ksi unloaded
Magnifxcation : 46.2X
Test Case 12

Specimen 2-33-3

Figure 52. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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2024-T351, a = 1.495 inch
x 0,0, = 10 ksi unloaded
Magnificgtion: 25.9%

Test Case 12

Specimen 2-33-4

Interferometry Photograph of an Unloaded Crack in a

Figure 53,
2024~T351 Specimen

54




2024-T351, a = 0.24 inch
0 0,5 = 10 ksi unloaded
MEgnification: 43.7%
Test Case 10
Specimen 2-6-1

Figure 54, Interferometry Photograph of an Unloaded Crack in a
2024=T351 Specimen
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2024-T351, a = 0.24 inch
o, = 0,5 = 10 ksi at load
MﬁgnificXtion: 46.2X

Test Case 10
Specimen 2-6-2

¥

- L -
Interferometry Photograph of a Loaded Crack in a

2024~T351 Specimen

Figure 55.

56




2024~T351, a = 0,485 inch

o, = 0,0 = 10 ksi unloaded
MggnificXtion: 45,0x

Test Case 10
Specimen 2-6-3

! .
) ¢ ot :
‘ ack in a

Figure 56:' intérferometfy Phofograph of an Unloaded Cr
2024~T351 Specimen
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2024~T351, a = 0.485 inch

0 = 0,0 = 10 ksi unloaded
MEgnific¥tion: 46.1X

Test Case 10
Specimen 2-6-4

Figure 57, Interferometry Photograph of an Unloaded Crack in a

2024~T351 Specimen
58




2024-T351, a = 0.745 inch

¢ = 0,0 = 10 ksi unloaded
Mignificition: 46.7X

Test Case 10
Specimen 2-6-5

Figure 58, Interferometry Photograph of an Unloaded Crack in a
2024«T351 Specimen
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2024-T351, a = 0.745 inch
Qx = 0,0 = 10 ksi unloaded
Magnificgtion: 45,0X%

Test Case 10
Specimen 2-6- 6?r

3@%?' Y =
Figure 59, Interferometry Photograph of an Unloaded Crack in a

2024~T351 Specimen
60




2024-T351, a = 0.99 inch

0, = 0,0 = 10 ksi unloaded
Magnificztion: 44,8

Test Case 10

Specimen 2-6-7

Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen

Figure 60,

61




2024~T351, a = 0.99 inch
o, = 0,0 = 10 ksi at load
Magnific3tion: 42,5X%

Test Case 10

Specimen 2-6-8

Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen

Figure 61,
62



2024-T351, a = 0.11 inch

o, = 15, g = 15 ksi unloaded
Mﬁgnificathn: 47.0%

Test Case 59
Specimen 2-5-1

Figure 62, Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen
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2024-1351, a = 0.1] inch

O, = 15, g = 15 ksi at 1 d
Mggnificatfon: 46.7X °2
Test Case 59
Specimen 2-5-2

Figure 63. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.205 inch

0. = 15, g_ = 15 ksi unloaded
Mﬁgnificathn: 46.9X

Test Case 59

Specimen 2-5-3

Figure 64, Interferdmetry Photograph of an Unloaded Crack in a
2024=T351 Specimen
65




2024-T351, a = 0.205 inch

s =15, g_ = 15 ksi at load
Mggnificat¥on: 46,8X

Test Case 59

Specimen 2-5-4

| I

%

i
i

{;

i

w*
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:
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* g

& ooa

« Jﬁ TE.:

Figure 65, LInterterometry Photograph of a Loaded Crack in a
2024-~T351 Specimen




2024-T351, a = 0.425 inch
g = 15, g = 15 ksi unloaded
Mﬁgnificathn: 46.2X

Test Case 59

Specimen 2-5-5

. . iy RN Yy
Figure 66. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
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2024-T351, a = 0.425 inch

o, = 15, g = 15 ksi at load
Magnificathn: 41.1%X

Test Case 59

Specimen 2-5-6

e mA W
Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
68
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67.

o

Figure




2024-T351, a = 0.27 inch

o, = -1.0, o.. = 10 ksi unloaded
Mignificatiofi: 47.0X

Test Case 33

Specimen 2-44-1

Figure 68, Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen

69




2024-T351, a = 0.27 inch
o= -1.0, g = 10 ksi at load
M}a{gnificatiox: 45,4X
Test Case 33

Specimen 2-44-2

= 0 e

Figure 69, Interferometry Photograph of a Loaded Crack in a
2024=T351 Specimen
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2024-T351, a = 0.52 inch

g, = -1.0, g = 10 ksi unloaded
MagnificatioX:

Test Case 33

Specimen 2-44-3

Figure 70, Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen

71




2024-T351, a = 0.52 inch

0. = -1.0, g, =10 ksi at load}
b

Mignificatioh: 46.6X

Test Case 33

Specimen 2-44-4

: is ! %
Figure 71. Interferometry Photograph of a Loaded Crack i
2024-T351 Specimen

n a
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2024-T351, a = 1.02 inch

g =-1.0, 0 = 10 ksi unloaded
mignificatioh: 46.9X

Test Case 33

Specimen 2-44-5

Figure 72, Interferome
try Photo h .
2024-T351 Specimen graph of an Unloaded Crack in a
73




2024-T351, a = 1.02 inch
o, = -1.0, ¢_ = 10 ksi at load
MagnificatioX: 47.3X

Test Case 33

Specimen 2-44-6

Interferometry Photograph of a Loaded Crack in a
2024~T351 Specimen

Figure 73.
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2024-T351, a = 0.24 inch

o, = 10, ¢ = 10 ksi unloaded
Magnificat{on: 48.3x

Test Case 31

Specimen 2-43-1

Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen

75

Figure 74,




2024-T351, a = 0.24 inch

a, = 10, g = 10 ksi at load
Magnificathn: 47.7X

Test Case 31
Specimen 2-43-2

Figure 75, Interferometry Photograph of a Loaded Crack in a

2024~T351 Specimen
76




2024-1351, a = 0.49 inch

o, =10, ¢ = 10 ksi unloaded
Magnification: 47.2X%

Test Case 31

Specimen 2-43-3

Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen

Figure 76,

77




2024-T351, a = 0.49 inch

o =10, ¢ = 10 ksi at load
Mggnificat¥on: 48.0X

Test Case 31
Specimen 2-43-4

Figure 77. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
78



2024~T351, a = 0.98 inch

¢ = 10, o = 10 ksi unloaded
Mégnificatlon: 48.3

Test Case 31
Specimen 2-43-5

Figure 78. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
79




2024-T351, a = 0.98 inch

g =10, ¢ = 10 ksi at load
Mﬁgnificathn: 42.4X

Test Case 31
Specimen 2-43-6

Figure 79. Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
80




2024~T351, a = 0.105 inch
X=~1.5, g,=15 ksi unloaded

Magnification: 47.5%

Test Case 60

Specimen 2-40-1

Figure 80. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen

81




2024-T351, a = 0.1i05 inch

q = -1.5, ¢ = 15 ksi at load
MagnificatioK: 47.1X

Test Case 60

Specimen 2~40-2

ﬁ:~ﬁ1 JLF T !
Figure 81. Interferometry Photograph of a Loaded Crack in a
2024~T351 Speciman

82



2024-T351, a = 0.23 inch

g =-1.5, o = 15 ksi unloaded
Mégnificatioﬁ: 45.9X

Test Case 60

Specimen 2-40-3

Figure 82, Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen
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T351, a = 0.23 inch
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Test Case 60

Interféfometry Phbtograph of a Loaded Crack in a

2024-T351 Specimen
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2024-T351, a = 0.435 inch
o _=-1.5, ¢ = 15 ksi unloaded

Mgénificatiog:
Test Case 60
Specimen 2-40-5

45.6X

Figure 84,

Interferometry Photograph of an Unloaded Crack in a

2024-T351 Specimen
85




2024-T351, a = 0.435 inch
o = -1.5, o = 15 ksi at load
Magnificatioﬁ: 40.6X
Test Case 60
S

TN

gy,
o W o

Figure 85, Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
86




2024-T351, a = 0.15 inch

o =-1.25, ¢ = 25 ksi unloaded
M{a(gnificationl.’ 46 .0X

Test Case 66

Specimen 2-28-1

Figure 86, Interferometry Photo
A graph of an Unloaded Crack i
2024-T351 Specimen e
87




2024-T351, a = 1.15 inch
o = =1.25, g = 25 ksi at load

Mignification! 42.5X
Test Case 66
Specimen 2-28-2

Figure 87, Interferometry Photograph of a Loaded Crack in a

2024-T351 Specimen
88




2024-T351, a = 0.305 inch
o = -1.25, ¢ 25 ksi unloaded

MggnificationY 46 .4X
Test Case 66
Specimen 2-28-3.1

AL L)

Figure 88, Interferometry Photograph of an Unloaded Crack in a
2024~T315 Specimen
89

O




2024-T351, a = 0.305 inch

0. = ~1.25, ¢ = 25 ksi unloaded
Magnification¥ 43.6X

Test Case 66

Specimen 2-28-3.2

1

A
Yoy ﬁ,"—_@yf’

2024-T351 Specimen
90



2024-T351, a = 0.305 inch

Gx = ~1.25, ¢ = 25 ksi at load
Magnification? 29.7X

Test Case 66

Specimen 2-28-4

\ R ‘ ,

Figure 90. Interferometry Photograph of
2024-T351 Specimen

4

a Loaded Creck in a

91




7075-T7351, a = 0.25 inch

g =0, 0 = 12 ksi unloaded
ag: 91.%x

test case 99
Specimen - 7-114-1

Interferomefry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
92




7075-T6351, a = 0.25 inch

0% = 0, 0_ = 24 ksl overloaded
Magnificagion: 67.3X

T.C. 99

Specimen ~ 7-114-2

Figure 92

W reguy

Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 7075-T7351 Specimen

93




7075-T7351, a = 0.50 inch
o = 0, 0 = 12 ksi unloaded
Magnification: 73.0X

Teat case 99
Specimen - 7-114-3

o
Wf“"rmw«r oo,

) bl , e "
A P it g
: g -

Interferometry Photograph of an Unloaded Crack in a

Figure 93,
7075-T7351 Specimen




7075-T7351, a = 0.50 inch

Ok =0, 0= 24 ksi overloaded
Magnificagion: 22,6X

Test case 99

Specimen - 7-114-4

Figure 94. Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 7075-T7351 Specimen

95




7075-T7351, a = 1.005 inch
O% = 0, o = 12 ksi unloaded
Magnifica%ion: 21.6X

Test case 99
Specimen 7-114-5

Figure 95. Interferometry Photograph of an
Unloaded Crack in a 7075-T7351

Specimen

96



7075-T7351, a = 1.005 inch

ok =0, 0 =24 ksi overloaded
Magnificagion: 22.9X

Test case 99

Specimen 7-114-6

Figure 96, Interferometry Photograph of a Crack Unloaded from a
Single-Overload in a 7075=T7351 Specimen

97




7075~T7351, a = 0.265 inch
o = 6, 0 = 12 ksi unloaded
Magnificagion: 74.5%X

Test Case 103

Specimen 7-25-1

Interferometry Photograph of an Unloaded Crack in a 7075-¢7351

Figure 97,

Specimen 98



7075-T7351, a = 0.265 inch

o, =12, 0. = 24ksi overloaded
Magnificagion: 70.6X :
Test Case 103

Specimen - 7-25-2.1

Figure 98, Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen
99




7075-T7351, a = 0.265 inch i
o, =12, o= 24 ksi overloaded ..
Magnificagion: 77.4X
Test case 103

Specimen - 7-25-2.2

“

Figure 99. Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075-T7351 Specimen

100




7075~T7351, a = 0.515 inch
Ok = 6, 0 = 12 ksi unloaded
Magnificagion: 70.6X

"MTest Case 103
Specimen ~ 7~25-3

‘Figure 100. 1Interferometry Photograph of an Unloade

& i
d Crack in a

7075-T7351 Specimen

101




7075-T7351, a = 0.515 inch

ox =12, o = 24 ksl overloaded
Magnificagion: 24,7X

Test Case 103

Specimen - 7-25-4

Figure 101, Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 7075-~T7351 Specimen

102



7075-T7351, a = 1,015 inch

oy = 6, o = 12 ksi unloaded
Magnification: 35.3X
Test Case 103
Specimen - 7-24-5

Figure 102, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen ‘

103




7075-T7351, a = 1.020 inch

o =12, g_ = 24 ksi overloaded
Mggnificagion: 23.0X

Test Case 103

Specimen 7-25-6

Figure 103,

Interferometry Photograph of a Crack Unloaded from a

Single Overload in a 7075-T7351 Specimen
104




7075-T7351, a = 0.245 inch

g, = -6.0, 0O 12 ksi unloaded
Magnificatiox: 46.5X

Test Case 105

Specimen 7-53-1

Figure 104, Interferometry Photograph of an Unloaded Crack in a
7075=T7351 Specimen




7075-T7351, a = 0.245 inch
ok=~12 s 0 =24 ksi overloaded
Mignification: 48.9x
Test Case 105

Specimen 7-53-2.1

3

Figure 105. Interferometry Photograph of a Crack'UMoaded from a
Single Overload in a 7075-T7351 Specimen

106




7075-17351, a = 0.245 inch
o= - 12, o.= 24 ksi overloaded
Magnificathn:

Test Case 105

Specimen 7-53-2.2

Figure 106, Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 7075=T7351 Specimen
107




7075-T7351, a = 0.50 inch

o, = -6.0, o 12 ksi unloaded
Magnificatiog: 47.6X

Test Case 105

Specimen 7-53-3.1

I

Figure 107, Interferometry Photograph of an Unloaded Crack in a
7075=T7351 Specimen

108



7075-17351, a = 0.50 inch

0, = -6.0, o = 12 kei unloaded
Magnificatiofi: 47.6x

Test Case 105

Specimen 7-53-3,2

Figure 108,

Interferometry Photograph of an Unloaded Crack in a
7075=T7351 Specimeiré9




7075-T7351, a = 0.50 inch
0k=—12 » O =24 ksi overloaded
Magnification: 44,5%

Test Case 105
Specimen 7-53-4

P

.
Figu

169. Iﬁterferometry Phot )
T Single Overload in a 7075-T7351 Specimen

110




1]

7075-T7351, a
o, =-60, 0

Mggnificatioxz
Test Case 105

Specimen 7-53-5

1.01 inch
12 ksi unloaded
47.5X%

Figure 110,

Interferometry Photograph of an Unloaded Crack in a

7075=T7351 Specimen
111




7075-T7351, a = 1.01 inch

g.=-12 , g =24 ksl overloaded
b

Magnificatlon: 34.5X

Test Case 105

Specimen 7-53-6

e

Figure 111.

Interferometry Photograph of a Crack Unloaded
Single Overload in a 7075~T7351 Specimen
112

from a




2024-T351, a = 0.26 inch

. = 0, g = 10 ksi unloaded
M%gnifica%ion: 66.6X

Test Case 101

Specimen 2-24-1

Figure 112, Interferometry Photograph of an Unloaded Crack

in a 2024~T351 Specimen

113




2024-T351, a = 0.26 inch
o, = 0, o =20ksl overloaded
Mggnifica¥ion: 70.3X

Test Case 101
Specimen 2-24-2

Figure 113; Interferometry Photograph of a Crack Unloaded from a

Single Overload in a 2024~T351 Specimen
114



2024~T351, a = 0.49 inch

o =0, o = 10 ksi unloaded
ﬁagnif cdtion: 35.9%

Test Case 10

Figure 114, Interferometry Photograph of an Unloaded Crack in a

2024=T351 Specimen

115




2024-T351, a = 0.49 inch
=0, o_ = 20 ksl overloaded
ﬁagnif cdtion: 23.3X
Test Case 101
Specimen 2-24-4

o]

Figure 115, Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 2024=~T351 Specimen

116




2024-T351, a = 0.93 inch
o_. =0, og_ =10 ksi unlo
Mggnificazion: 22,5X
Test Case 101

Specimen 2-24-5

Figure 116,

aded

Interferometry Photograph of an Unloaded
Crack in a 2024~T351 Specimen

117




2024~T351, a = 0.22 inch

0. =5, g = 10 ksi unloaded
MggnificaXion: 74.4X

Test Case 108
Specimen 2-38-1

Figure 117. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen

118




2024-T351, a = 0.2225 inch

Cy =10, 0 =20 ksi overloaded
Magnifica¥ion 70.7X

Test Case 108

Specimen 2-38-2

Figure 118,

Interferometry Photograph of a Crack Unloaded
from a Single Overload ina 2024e~T351 Specimen
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2024-T351, a = 0.5 inch

g =5, ¢g_=10 ksi unloaded
Mggnifica¥ion: 74.0X

Test Case 108

Specimen 2-38-3

Figure 119,

?nterferometry Photograph of an Unloaded Crack
in a 2024«T351 Specimen




2024-T351, a = 0.5 inch

o =10, 0 =20 ksi overloaded
Mggnifica¥ion:, 45.5X

Test Case 108

Specimen 2-38-4

igure 120, Interferometry Photograph of a Crack Unloaded from a
Single Overload in a 2024«-T351 Specimen




2024-T351, a = 0.975 inch

o 5 = 10 ksi unloaded

y O
Mggnifica¥ion: 44,3X
Test Case 108
pecimen 2-38-5

Figure 121, Interferom
. etry Photograph .
a 2024=T351 Specimeng ph of an Unloaded Crack in

122




2024-T351, a = 0,975 inch

o =10, o0 = 20 ksi overloaded
Mggnificagion: 22,8X%

Test Case No., 108

Specimen 2-38-6

Figure 122,

Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 2024«T351 Specimen

123




2024-T351, a = 0.275 inch

0x= —5.0, Oy= 10 ksi unloaded
Magnification: 43.6X

Test Case 110

Specimen 2-41-1

Figure 123, Interferometry Photograph of an Unloaded Crack
in a 2024~T351 Specimen




2024-T351, a 0.28 inch
Ox= -10 , oy= 20 ksi overloaded
Magnification: 46.3X
Test Case 110
Speciman 2. 41-2.1

Figure 124, Interferometry Photograph of a Crack Unloaded
from a Single Overload in a 2024-T351 Specimen

125




2024-T351, a = 0.28 inch

X5 = -10 , O0y,= 20 ksi overloaded
Magnification: 45.9X

Test Case 110

Specimen 2-41-2.2

Figure 125, Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024~T351 Specimen

126



2024-T351, a = 0.5 inch
9 = -5.0, 0,= 10 ksi unloaded
Magnification: 46.3X
Test Case 110
Spacimen 2-41-3

Figure 126, Interferometry Photograph of an Unloaded Crack

om a 2024-T351 Specimen

127




2024-T351, a 0.5 inch

o,=-10 , 0 20 ksi overloaded
Magnification: 40.7X

Test Case 110
Specimen 2-41-4

Figure 127, Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024~T351 Specimen

128



2024-T351, a = 1,005 inch
Oy= - 5.0, Oy= 10 ksi unloaded
Magnification: 45.4X%
Test Case 110
Specimen 2-41-5.1

. s TR

Figure 128, Interferometry Photograph of an Unloaded Crack in
a 2024«T351 Specimen

129




2024-T351, a = 1.005 inch
0,= =5.0, 0= 10 ksi unloaded
Magnification: 47.3X
Test Case 110
Specimen 2-41-5.2

g 7

. f4 ; Pt
T £ B A o _r ' S
Figure 129. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen

130




2024-T351, a = 1.02 inch

Ox= -10 , 0,= 20 ksi overloaded
Mdgnification: 34.5X
Test Case 110
Specimen 2-41-6

Figure 130, Interferometry Photograph of a Crack Unloaded from
a Single Overload in a 2024~T351 Specimen

131




7075-T7351, a = 0.275 inch
o, = 1.2, 0. = 12 ksi unloaded
Magnificatign: 51.5X

Test Case 39
Specimen 7-54-1

oo

Figure 131,

Interferometry Photograph
of an Unloaded Crack in a
7075=T7351 Specimen

132




7075-T7351, a = 0.495 inch

o = 1.2, o = 12 ksi unloaded
Magnificatign: 47.0X

Test Case 39

Specimen 7-54-2.1

ded Crack

LR Yot ‘
Figure 132, Interferometry Photograph of an Unloa
in a 7075=T7351 Spe§§§en




7075-T7351, a = 0.495 inch

o = 1.2, g = 12 ksi unloaded
Magnificatign: 46.6X

Test Case 39

Specimen 7-54-2.2

Figure 133, Interferometry Photograph of .
an Unloaded Crack in a 7075-T7351 Specimen
134




7075-T7351, a = 0.745 inch

o =1.2, g = 12 ksi unloaded
Mggnificatign: 47.1X

Test Case 39

Specimen 7-54-3

Iy

R ‘ A
Figure 134, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen
135




7075~T7351, a = 0.990 inch

o, = 1.2, o = 12 ksi unloaded
Magnificatan: 24.9X

Test Case 39

Specimen 7-54-4

Figure 135, Interferometry Photograph of an Unloaded Crack in

a 7075=-T7351 Specimen

136




7075-T7351, a = 0.250 inch

c, = 60, o0 = 12 ksi unloaded
Magni catidn: 48.9X

Test Case 41

Specimen 7-106-~1

136, Interferometry Photograph of an Unloaded Crack in
a 7075=T7351 Specimen

137




7075-T7351, a = 0.505 inch

o = .60, 0 = 12 ksi unloaded
Mﬁgnificatign: 56.0X

Test Case 41
Specimen 7-106-2

Figure 137, iﬁterferométry Photograph of an Unloaded Crack in-a
7075-T7351 Specimen
138




7075-~T7351, a = 0.75 inch

sy = <60, g = 12 ksi unloaded
Magnificatidn: 49.1X

Test Case 41

Specimen 7-106-3

st

Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen
139

gure 138,




7075-T7351, a = 0.50 inch

o, = -4.2, o 12 ksi unloaded
Magnificatiof: 45.0X

Test Case 42

Specimen 7-42-1

Figure 139,

Interferometry Photograph of an Unloaded Crack in a

7075-T7351 Specimen

140




7075-T7351, a = 0.50 inch

o, = 4.2, ¢ 12 ksi at load
Magnificatiof: 45,3%

Test Case 42

Specimen 7--42-2

Interferometry Photograph of a Loaded Crack in a

7075=T7351 Specimen
141

Figure 140,




7075-T7351, a = 1.02 inch

o, = -4.2, & 12 ksi unloaded
Mignificatioh: 45.5x

Test Case 42

Specimen 7-42-3

Interferometry Photograph of an Unloaded Crack in a

5«T7351 Specimen
101 P 142

Figure 141,



7075-T7351, a = 1.02 inch

o= -4.2, o 12 ksi at load
Magnificatiox: 44,8

Test Case 42

Specimen 7-42-4

b

]
f‘
5

Figure 142, Interferometry Photograph of a Loaded Crack in a

7075=T7351 Specimen
143




2024~T351, a = Q.245 inch

o = 1.0, ¢ 10 ksi unloaded
Magnificatidn: 48.5X%

Test Case 43

Specimen 2-12-1

Interferometry Photograph of an Unloaded Crack
in a 2024=T351 Specimen

Figure 143,

144




2024-T351, a = 0.5 inch

g =1.0, o 10 ksi unloaded
Mggnificatign: 48.5X

Test Case 43

Specimen 2-12-2

Figure 144. Interferometry Photograph of an Unloaded Crack in a
2024-T351 Specimen

145




2024-T351, a 0.5 inch

cx = 1.0, ¢ 10 ksi at load
Magnificatidn: 45,6X

Test Case 43
Specimen 2-12-3

Figure 145, Interferometry Photograph of a Loaded Crack in a
2024=T351 Specimen

146




2024-1351, a = 0.985 inch

o= 1.0, o 10 ksi unloaded
Magnificatién: 48.0x

Test Case 43
Specimen 2~12-4

: B . A I
figure 146. Interferometry Photograph of an Unloaded Crack
in a 2024-T351 Specimen

147




24-T351, a = 0.985 inch

= 1.0, o 10 ksl at load
MEgnificatidn: « 31.8X
Test Case 43
Specimen 2-12-5

Figure 147,

[PTLVNIEN P o

Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen
148



5-T7351, a = 0.5 inch

0 =-8:4, 0 =12 ksi unloaded
Mggnificatgon: 45.0X

Test Case 44

Specimen 2-35-1

Figure 148, Interferometry Photograph of an Unloaded Crack in a
7075=T7351 Specimen

149




7075-T7351, a = 0.5 inch
o = -8.4, o_ = 12 ksi at load
Mggnificatiozz 45.2X

Test Case 44
Specimen 2-35-2

Figure 149, Interferometry Photograph of a lLoaded Crack in a
7075=T7351 Specimen
150



1.02 inch
o = -8.4, ¢ 12 ksi unloaded
Mignificatiofi: 45.0%
Test Case 44
Specimen 2-35-3.1

Figure 150,

Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen




7075-T7351, a = 1.02 inch
g =~8.4, ¢ =12 ksi unloaded
Mggnificat¥on: 46.5X

Test Case 44
Specimen 2-35-3.2

“‘
Figure 151, Interferometry Photograph of an Unloaded Crack in a
7075~T7351 Specimen

152



7075-T7351, a = 1.02 inch

% ™ -8.4, o_ = 12 ksl at load
MagnificatioX: 44 ,7X

Test Case 44

Specimen 2-35-4

Figure 152,

Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen

153




2024-T351, a = 0.25 inch

o, = 0.5, o 10 ksi unloaded
Magnificatidn: 46.8X

Test Case 45

Specimen 2-7-1

Interferometry Photograph of an Unloaded Crack in a
2024~T351 Specimen

Figure 153,

154




2024-T351, a = 0.25 inch
o, = 0.5, o = 10 ksi at
Magnificatidn: 47.2X
Test Case 45

Specimen 2-7-2

P I

£

ure 154, Interferometry Photograph of an Unloaded Grack in a
2024~T351 Specimen
155




2024-T351, a 0.495 inch

o =0.5, ¢ 10 ksi unloaded
Mignificatidn: 44.2%

Test Case 45
Specimen 2-7-3

Figure 155, Interferometry Photograph of an Unloaded Crack in a

2024-T351 Specimen

156




2024-T351, a = 0.495 inch

0y = 0.5, ¢ 10 ksi at load
Magnificatign: 45.8X

Test Case 45

Specimen 2-7-4.1

Figure 156. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen

157




2024-T351, a = 0.495 inch

oy T 0.5, ¢ 10 ksi at load
Magnificatign: 44 ,0%

Test Case 45

Figure 157, Interferometry Photograph of a Loaded Crack in a
2024-T351 Specime{l58



2024-T351, a =
g = 0.5 o
Mégnificétan:
Test Case 45

Specimen 2-7-5

0.99 inch
10 ksi unloaded
47.9X

Figure 158. Interferometry Photograph of an Unloaded Crack
2024-T351 Specimen

159




2024-T351, a = 0.99 inch
g = 0.5, g = 10 ksi at load

Mggnificatign: 46.6X
Test Case 45
Specimen 2-7-6

Figure 159. Interferometry Photograph of a Loaded Crack in a
2024-T351 Specimen

160




7075-T7351, a = 0.505 inch

Oy =-%.2,0_ = 12 ksi unloaded
MagnificatYon: 46.0%

Test Case 46

Specimen 2-27-1

g "

ure 160, Interferometry Photograph of an Unloaded Crack
in a 7075~T7351 Specimen
161




7075-T7351, a = 0.505 inch

. =-4.2, g.. = 12 ksi at load
MiAgnificatidn: 45.9X

Test Case 46

Specimen 2-27-2

Interferometry Photograph of a Loaded Crack in a

7075«T7351 Specimen
162




7075-T7351, a = 1.035 inch

o, ==4.2, ¢ = 12 ksi unloaded
Magnificatidn: 50.6Xx

Test Case 46
Specimen 2-27-3

Figure 162, Interferometry Photograph of an Unloaded Crack in a
7075-T7351 Specimen

163




7075-T7351, a = 1.035 inch

o, =4.2, 0 =12 ksi at load
Mggnificatign: 43,9%

Test Case 46
Specimen 2-27--4

Figure 163, Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
164




7075-T7351, a = 0.75 inch

o, = 4.2, o = 12 ksi unloaded
Magnificatign: 49.3X

Test Case 72
Specimen 7-116-1

Interferometry Photograph of an Unloaded Crack in a

7075«T7351 Specimen
165

Figure 164,




7075-T7351, a = 0.75 inch

0& = 4.2, g = 12 ksi at load
Magnificatign: 37.3X

Test Case 72

Specimen 7-116-2

Interferometry Photograph of a Loaded Crack in a

7075-T7351 Specimen
166

Figure 165,




7075-T7351, a = 1,00 inch

o, = 4.2, 5 = 12 ksi unloaded
Magnificatidn: 47.4X

Test Case 72

Specimen 7-116-3

Figure 166, Interferometry Photograph of an Unloaded Crack in a

7075~T7351 Specimen
167
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7075-T7351, a = 1.00 inch

o = 4.2, 5 =12 ksi at load
Magnificatidn: 30.6X

Test Case 72
Specimen 7-116-4

L

in a
Figure 167. Interferometry Photograph of a Loaded Crack in

7075-T7351 Specimen

168




7075-T7351, a = 0.525 inch

o, = 4.2, g = 12 ksi unloaded
Magnificatign: 46.6X

Test Case 106

Specimen 2-30-1

Figure 168,

Interferometry Photograph of an Unloaded Crack
in a 7075-T7351 Specimen

169




7075-T7351, a = 0.77 inch

o, = 4.2, g = 12 ksi unloaded
Magnificati®n: 44.2X

Test Case 106
Specimen 2-30-2

Figure 169, Interferometry Photograph of an Unloaded Crack in a
7075~T7351 Specimen

170



7075-T7351, a = 1,015 inch

g, = 4.2, o = 12 ksi unloaded
Mignificati®n: 47.7%

Test Case 106

Specimen 2-30-3

4
. -l
Interferometry Photograph of an Unloaded
7075-T7351 Specimen

Crack in a

Figure 170.

171
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